Although there have been many studies of New Zealand English (NZE) vowels, little has been written about the NURSE vowel /ɜ:/. This study uses data from three groups of Māori speakers of NZE born between 1871 and 1992 to analyse changes to the NURSE vowel over time. Although all these speakers are bilingual in English and Māori, we show that they are representative of NZE speakers generally. Analyses are carried out on formant frequency, vowel length, lip-rounding and vocal tract shape. The vowel space position measure (VSM) is used to analyse first and second formant movements together. The NURSE vowel in NZE has risen so that it is now close and front in the vowel space, and apparently in danger of being confused with the GOOSE vowel. We conclude by considering the factors that apparently keep the vowels apart and the potential effects of such a merger.
Introduction
Changes in the New Zealand English (NZE) vowel system over the last 150 years have been well documented. DRESS and TRAP have raised and KIT has centralized, GOOSE has fronted and THOUGHT has raised. (Throughout the paper the KEYWORDS in Wells (1982: 127ff) will be used to refer to the English vowels.) All these movements have been studied in spontaneous speech (see Gordon et al. 2004; Hay et al. 2008; Watson et al. 2000 Watson et al. , 2004 for details) and have also been the subject of various experiments (e.g. Walker 2007) . At the same time, NURSE /ᴈ:/ has raised and fronted so that where it used to be a central vowel, it is now high and front of centre. It is also liprounded (Watson et al. 1998; Gordon et al. 2004: 161) . Relatively little attention has been paid to the movement of NURSE over time; it is not part of a system like the well-studied NZE front vowels, nor is it part of a merger like the diphthongs NEAR and SQUARE. Gordon (2010: 241) calls it 'the sound change no one talks about'. It is clear that the movements of KIT, DRESS and TRAP are related (Bell 1997; Gordon et al. 2004) as are the movements of THOUGHT and GOOSE (Gordon et al. 2004: 211) . However little is known about the relationship between the movements of NURSE and the other vowels in the system. In this paper, we use material from the Māori and New Zealand English (MAONZE) database to investigate the movement of NURSE in NZE.
All vowel analyses of NZE to date, apart from some references in work by the present authors (see Watson et al. 2008 Watson et al. , 2016 , have been carried out on non-Māori (Pākehā) speakers. In this paper we use Māori New Zealanders to represent New Zealanders generally. None of the speakers used in this study speaks the variety of NZE known as Māori English (see Holmes 1997; Bell 2000) , which can be spoken by both Māori and Pākehā. All the speakers have a general NZE accent. Before presenting the results of our analyses of the NURSE vowel, we demonstrate that the vowels of these Māori speakers are similar to those of previously analyzed non-Māori first language speakers of New Zealand English (see Gordon et al. 2004; Watson et al. 2000 Watson et al. , 2004 . We therefore start by presenting an overall vowel analysis for the speakers used in the present study.
Background
In order to analyze change over time in the Māori language, the MAONZE team has studied three groups of speakers: historical elders (HE) who were born in the late 1800s and early 1900s and recorded in the 1940s; present-day elders (PE) who were born between 1920 and 1944; and young speakers (Y) who were born between 1969 and 1992 (see Table 1 ). There are recordings in both English and Māori for most of the speakers. The HE and PE speakers were first language (L1) speakers of Māori. Their English, although fluent, shows clear marks of being a second language with occasional grammatical errors. This is particularly true for the HE speakers. Further, English has been the main language for the PE speakers from school age, despite their being L1 speakers of Māori. The Y speakers are all native speakers of NZE, even though some are also simultaneous L1 speakers of Māori. We will show in detail below that despite these differences in their acquisition of English the 1920 -1944 1981 -2010 59-87 Young 11 1975 -1992 2007 These are the speakers for whom we have English recordings. vowel space of our three groups and the changes that occur between the groups parallel attested changes in New Zealand English. Published analyses from the MAONZE project have predominantly focused on the Māori vowels (see, e.g. Harlow et al. 2009; King et al. 2011; Maclagan et al. 2004 Maclagan et al. , 2013 Watson et al. 2016) . Only two analyses of the speakers' English vowels have so far been published (Watson et al. 2008 (Watson et al. , 2016 . The results of the overall acoustic analysis carried out for this paper are presented in Figure 1 where the second formants (F2) of the vowels are plotted against their first formants (F1) to provide an indication of the speakers' vowel spaces. In this figure, formant measurements are in Hz; male speakers are shown on the left and female speakers on the right; and the vowels for the historic elders are shown in black, those for the present-day elders in dark grey, and those for the young speakers in light grey. Overall, 15,988 monophthongs were analyzed. Figure 1 shows that the English vowels for these three groups of speakers have changed over time. DRESS, TRAP and LOT have raised markedly, and GOOSE and NURSE have fronted. KIT has backed and lowered until it is central in the vowel space. Statistical analysis showed that there was a statistically significant interaction between vowel and speaker groups for both the men and women speakers (see Watson et al. 2016) . The movements visible in Figure 1 therefore represent significant change over time in the pronunciation of NZE vowels by these speakers.
We consider that these Māori speakers are typical of New Zealand speakers in general. In order to demonstrate this, we now offer a visual comparison of their vowel spaces to those of Pākehā speakers analyzed in other studies. 1 The changes Figure 1 English vowel plots for the three groups of speakers.
1 Statistical analysis of the data in Figures 2-4 is precluded because we do not have access to all the numerical data on which they are based. We are extremely grateful to Paul Warren for providing us with the right-hand graph in Figure 4 . over time found for the MAONZE speakers' English are parallel to changes found for other groups of NZE speakers. The patterns for their English vowels match patterns that are well known for NZE. Gordon et al. (2004) analyzed historical speakers born at similar times to the HE in the present study. The vowels of the HE pattern in very similar ways to those of the non-Māori speakers studied by Gordon et al. (2004) . Watson et al. (2004) analyzed speakers born at the same time as the PE. Again, similar vowel patterns are found for the speakers in both studies. Warren (under review) analyzed young male speakers born at a similar time to the Y speakers. Again the vowel patterns are very similar for the two groups. These comparisons show that the vowels of the Māori speakers in the MAONZE database are similar to those of previously analyzed Pākehā (non-Māori) speakers of NZE. The MAONZE speakers therefore form a suitable group to use for an analysis of the under-studied NURSE vowel in NZE. To demonstrate this, Figure 2 shows the vowels of the male HE from the MAONZE database on the left plot and the non-Māori male speakers from the ONZE Mobile Unit database used by Gordon et al. (2004) on the right plot. Both sets of speakers were recorded at the same time by the Mobile Recording Unit of the New Zealand Broadcasting Service (see Gordon et al. 2004 for more details). The overall shape of the two plots is very similar. The Māori speakers are slightly more conservative than the non-Māori speakers and their KIT vowel is less retracted and their TRAP vowel less raised than the ONZE speakers' similar vowels. The vowel plots of the PE male speakers are compared with non-Māori male speakers born at the same time in Figure 3 . The non-Māori male speakers' data come from the NZBC corpus the details for which are given in Watson et al. (2008) . Again the two plots are very similar, although the Māori speakers are again conservative in not centralizing the GOOSE vowel. Figure 4 compares the vowel space of the Y male speakers with unpublished data from speakers recorded by Warren (under review). Warren's data are presented in ellipse plots where the ellipses contain 95% of the data and the KEYWORD marks the centroid of the plot. Warren does not include TRAP and LOT in this plot, but the centroids for the vowels he does plot are very similar to those for the Y speakers. Although not plotted, similar observations can be made from the data for the women in all three speaker groups.
In this paper we use the data from 52 Māori speakers of NZE born between 1871 and 1992 to investigate the movements of the NURSE vowel over time. We hypothesize that NURSE has both fronted and raised significantly over the period studied. We hypothesize further that NURSE has potentially moved into the acoustic space occupied by the GOOSE vowel and carry out analyses of duration, lip shape and vocal tract shape to consider factors that might aid in keeping the two vowels distinct.
Method
Acoustic analyses were carried out on the first two formants from the English and Māori vowels of all speakers in the MAONZE database. Where possible, 30 tokens, all stressed, were analyzed per vowel per speaker from conversational speech. It was not always possible to find 30 stressed tokens because some vowels such as /u:/ in Māori or FOOT in English are relatively rare. In general no more than five tokens of any individual word were included in the analysis. Tokens were not included where the vowel NURSE preceded nasals, laterals, rhotics or vowels (because of the potential for the occurrence of linking-r and because of the difficulty in analyzing vowel length in such contexts), or where it preceded a pause. In total we analyzed 716 tokens of NURSE for the males and 721 for the females.
Participants
The three groups of speakers used in this study come from the MAONZE corpus (King et al. 2011 ). The HE speakers were originally recorded for broadcast, so the recordings are of very good quality in spite of their age. The PE and Y speakers were recorded by members of the MAONZE team between 2001 and 2009. The speaker details are listed in Table 1 . In total, we have investigated the speech of 52 speakers, with roughly equal numbers between the genders (see King et al. 2010 King et al. , 2011 for more details). Recordings of various lengths in both English and Māori were available for most of the HE speakers. The PE and Y speakers were recorded for approximately an hour speaking in English and an hour in Māori. Material for this analysis comes from the English interviews.
All speakers are bilingual in New Zealand English and Māori. As indicated in the Background section, the historical elders (HE) and the present-day elders (PE) were first language (L1) Māori speakers. The young speakers (Y) were a combination of L2 speakers who acquired English first and Māori later and L1 speakers who at best had parallel acquisition. None of the parents of the young L1 speakers were themselves L1 speakers of Māori, though all their grandparents were, and it was the grandparents who spoke Māori to the young L1 speakers.
Data Analysis
All data labelling was done in PRAAT (version 4.125 or later (see Boersma & Weenink 2009) ). The start and end were marked for each vowel token. For each monophthong the vowel target was identified and the first three formant values at that point were recorded. The formant values were calculated in PRAAT. For more details see King et al. (2011) .
When carrying out statistical analyses of vowel formants, the formants are usually analyzed individually. To carry out the analysis presented in this paper we used a vowel space position measure (VSM) based on Euclidean distances (Watson et al. 2016) . This measure allowed us to analyze F1 and F2 together rather than treating each formant separately. All analysis was done in R (R Core team 2011). For the analysis, all formant values were transformed using the perceptually motivated Bark scale (Traunmüller 1990) , which ensures that the impacts of the two formants are equal in the calculations of the Euclidean distance. Traditional F1-F2 plots in Hz have different scales for F1 and F2 to compensate for the differences. For familiarity, formants are presented in Hz in the figures in this paper. The VSM values are calculated from the Bark values for each individual speaker. Where relevant, the values for the individual speakers are then averaged to give group VSM values.
As can be seen in Figure 1 , the NZE vowel space in an F1 vs F2 plot is roughly triangular, with FLEECE, THOUGHT and START being the vowels at the points of the triangle. The VSM takes the Euclidean distance (EU(x,y)) between the vowel being analyzed (x) and the relevant point vowel (y) and divides it by the distance between the two most relevant point vowels (see Figure 5 ). When a vowel is raising up the front of the vowel triangle, the relevant side of the triangle is from FLEECE to START. When it is fronting, the relevant side is from FLEECE to THOUGHT. Because NURSE fronts as it raises (see Figure 1 ), we compared its movement to both the front and the top of the vowel triangle. In order to assess the fronting of NURSE, we calculated the VSM T which considers vowel movement across the top of the vowel triangle To assess the raising of NURSE, we calculated the VSM F which considers vowel movement up the front of the vowel triangle with the equation
Acoustic Analysis of the NURSE Vowel
To investigate the possibility that NURSE is moving as part of the general NZE vowel shift, we analyzed the movements of the vowels closest to NURSE, viz., DRESS, TRAP and GOOSE, as well as NURSE itself. The movements of DRESS, TRAP and GOOSE over time have already been well documented (Gordon et al. 2004; Watson et al. 2000; Maclagan & Hay 2007 ). We did not analyze the point vowel FLEECE because it is relatively stable over time (Watson et al. 2016) . Table 2 gives the formant frequencies for these vowels for the three speaker groups.
As would be expected from Figure 1 , the F1 frequencies for NURSE, DRESS and TRAP lower (and the vowels raise) for all groups except the female PE, where there is an increase for F1 (corresponding to a lowering of the vowel) for DRESS. An ANOVA with post-hoc t-tests and Bonferroni corrections indicated that these movements are not statistically significant for the women, nor is the movement of NURSE statistically significant for the men. For DRESS post-hoc t-tests showed that the male Y speakers' F1 is significantly lower than the PE speakers (t(17.77) = 4.00*). For TRAP the F1 value for the male Y speakers is significantly lower than the PE (t(17.14) = 4.37*) and the HE (t(10.69) = 5.12*). The F2 values rise so the vowels front slightly but not evenly over time as they rise. The F2 movement for DRESS and TRAP, which is not statistically significant for any speaker group, is less important in that changes in F2 will be less easy to perceive than changes in F1. When measurements are taken in Hz rather than Bark, changes in F2 are proportionally less salient than changes in F1 because F1 is lower in frequency than F2 and due to the non-linearity of the pitch scale considerably greater changes are required in F2 than in F1 for equivalent changes to be perceived.
GOOSE lowers slightly (with F1 increasing) and fronts markedly (with F2 increasing) across both genders. The movement of GOOSE is significant for both men and women. The female Y speakers had significantly higher F1 values (and lower vowels) than the HE (t(13.18) = 6.25***) and significantly higher F2 values and significantly fronter vowels (Y∼HE: t(6.43) = 7.41*). The men also had significantly higher F1 values (and lower vowels) for GOOSE (HE: t(13.18) = 6.25***) and higher F2 values (and fronter vowels) (Y∼PE: t(15.83) = 8.28***, Y∼HE: t(8.73) = 7.32***). When we use a traditional analysis method which compares F1 and F2 separately, not all the movements for DRESS, TRAP, FLEECE and GOOSE that can be seen in Figure 1 are statistically significant. Figure 6 presents the results of the vowel space position measure (VSM) plots for DRESS, TRAP and GOOSE for the three speaker groups. In the case of DRESS and TRAP the lower the value on the y-axis, the closer the vowel lies to the point vowel, FLEECE, along the front edge of the vowel space (indicated by the F in VSM F ). In the case of GOOSE, the value of the y-axis represents the closeness of GOOSE to the point vowel FLEECE along the top edge of the vowel space. In Figures 6-8 , within each plot, the HE speakers are on the left, the PE in the middle and the Y speakers on the right; the dots in the centres of the boxes represent the median VSM values; the boxes enclose from the upper to the lower quartiles and the whiskers represent the 95th and 5th percentiles; and, for each of the vowels, the lower the box-plot is in the figure, the closer the vowel in question is to FLEECE. As we move from the oldest speakers (HE) to the youngest (Y) DRESS, TRAP and GOOSE move closer to FLEECE. That is, as expected, the front vowels of the Y speakers are more raised than those of the other two groups and their GOOSE vowel is farther forward in the vowel space. This represents the well-known NZE front vowel raising and GOOSE fronting over time.
The VSM F values in Figure 7 show the raising of NURSE over time and the VSM T values in Figure 8 show its fronting. In Figures 7-8 , results for the female speakers are on the left and for the male speakers on the right, and, in each of the plots, the lower the boxes are in the figure the closer NURSE is to FLEECE. It can be seen that the younger speaker group's NURSE vowels are closest to FLEECE in both the dimensions of raising and fronting. That is, NURSE both raises ( Figure 7) and fronts (Figure 8 ) over time. T-tests on the VSM show that all of the movements of DRESS, TRAP, GOOSE and NURSE that can be seen in Figure 1 are statistically significant for both the men and the women. The three groups, Y, PE and HE, are significantly different from each other for GOOSE and NURSE for the women. For all the other vowels, the Y are significantly different from the HE and the PE speakers (see Table 3 ). When we are able to analyze F1 and F2 together through the VSM, statistical analysis confirms the significance of all the movements for DRESS, TRAP, GOOSE and NURSE that can be seen in Figure 1 . This reinforces the importance of Investigating the Sound Change in the New Zealand English Nurse vowel /ᴈ:/ 475 being able to analyze the movements of F1 and F2 together when considering vowel change in F1-F2 space.
These movements of NURSE in Figures 7 and 8 look very similar to the movements of DRESS, TRAP and GOOSE shown in Figure 6 . We know that the movements of DRESS and TRAP are related and that the movement of GOOSE is related to the raising of THOUGHT (Gordon et al. 2004) . We therefore wondered if the movements of NURSE were related to those of the other vowels. In order to check whether the movements of NURSE were indeed related to the movements of the other vowels, we analyzed the correlations between the movements of NURSE and those of DRESS and GOOSE. The correlation plots are shown in Figures 9 and 10, with results for female speakers on the left and for male speakers on the right. Each letter in Figures 9 and 10 represents one speaker with H = historical elders, P = present-day elders and Y = young speakers. As the speakers move closer to the lower left-hand corner of the graphs, their NURSE vowels are more raised and fronted, that is, they are closer to FLEECE and GOOSE. For both figures, the young speakers (Y) are closer to the lower left corner than speakers from the other speaker groups, although some of the female present-day elders are very close to the young speakers in Figure 10 . Clearly the young speakers and some of the female present-day elders have raised and fronted NURSE more than the other speakers. The correlations are significant with p < 0.001. They are slightly stronger for NURSE and GOOSE than for NURSE and DRESS. For NURSE and DRESS r is 0.81 for the females and 0.76 for the males and for NURSE and GOOSE, r is 0.89 for the women and 0.82 for the men. Correlations do not prove causation. Nevertheless the correlations found here strongly suggest that the movements of NURSE may be related to the movements of the other NZE vowels. In particular, NURSE appears to raise in parallel with DRESS and front with GOOSE. 
Analyses of the NURSE and GOOSE Vowels
Our analysis has shown that the movement of NURSE over the time period covered by the speakers in this study has brought it very close to GOOSE in F1-F2 space. When we consider the positions of NURSE and GOOSE in Figures 1 and 4 , especially for the young speakers, the two vowels appear to be in danger of merging. This is particularly clear in the right-hand plot in Figure 4 from Warren (under review) , where the ellipses showing the spread of the vowels are included. It can be seen that both vowels now share the same acoustic space. We carried out three analyses-vowel length, lip shape and vocal tract shape-to see if we could tease out how GOOSE and NURSE are kept separate. 
Vowel length comparison for NURSE and GOOSE
We considered first the relative length of NURSE and GOOSE. When we analyzed the length of these vowels for the speakers in this study we found that both vowels have shortened between the HE and the Y speakers, with NURSE shortening slightly more than GOOSE (see Table 4 ). 2 These differences were significant for the women speakers but not for the men (Group: F(2,24) = 5.71, p < 0.01, Vowel: F(1,24) = 14.5, p < 0.01). On further analysis, there were significant differences in length between NURSE and GOOSE only for the young female speakers. Length, therefore, is unlikely to keep the two vowels separate for the older speakers or for the young males.
Lip shape comparison for NURSE and GOOSE
We next considered lip shape. Both vowels are rounded but we wondered if the degree of rounding differed between them or changed over time (see Watson et al. 1998) . To examine this we considered the frequency of the first three formants which lower for rounded vowels (Stevens 1997: 474) . Table 2 shows that the F1 of NURSE lowers across the three speaker groups for both men and women as would be expected for increasing lip-rounding, but the movement is not statistically significant. However the F1 of GOOSE and the F2 of both NURSE and GOOSE all raise and are thus not indicative of increasing lip-rounding. These trends hold for both genders. The F2 movements for GOOSE were significant for both genders (see Watson et al. 2016 ) and reflect its well-known fronting over time. Therefore F2 is clearly not the place to look for liprounding effects in the GOOSE vowel. We analysed F3 for both NURSE and GOOSE (see Table 5 ) to see whether it would provide support for greater lip-rounding for one of the vowels. F3 decreases between the HE and Y speakers for both men and women for NURSE but does not change for GOOSE. The F3 changes for NURSE are not statistically significant. The movements of F1 and F3 between the HE and the Y speakers therefore show a trend towards greater lip-rounding for NURSE (but not GOOSE) but we have no way of knowing the extent to which this trend may help to keep the two vowels apart. This is especially true since the two vowels' F3 values are always within one standard deviation of each other for each group of speakers, as shown in Table 5 . There is thus no suggestion from the formant data that GOOSE is more rounded for the Y speakers than the HE speakers, with F3 not decreasing over time and both F1 and F2 increasing over time. Only the F2 movement was significant, and this is more likely to be associated with the fronting of GOOSE than with a decrease in its lip-rounding. There is some slight indication that NURSE may have increased in liprounding over time with both F1 and F3 decreasing over time, but neither of these movements was significant. So the formant data do not allow us to draw definite conclusions about differences in lip-rounding for the two vowels. However, although the F1-F2 vowel spaces suggest NURSE and GOOSE are close, our analysis shows that the vowels remain significantly distinct in both F1 and F2. 3 Future work looking at the dynamic differences in the behaviour of the formant trajectories (such as slope) for these two vowels may reveal other differences that would keep the two vowels separate (for instance as found by Williams & Escudero 2014) .
Vocal shape comparison for NURSE and GOOSE
The final area we considered was vocal tract shape. Watson et al. (1998) carried out a kinematic study that suggested that the NURSE vowel was lip-rounded in both New Zealand and Australian English. Figure 11 gives the cross-sectional area of the vocal tract for GOOSE and NURSE for one young male speaker producing sustained vowel productions from within the words head, herd and who'd. The diagram shows the vocal tract from the lips on the left to the glottis on the right. The data come from MRI scans and the vocal tract lengths are normalized to one for each of the five speakers in the study (see Watson 2014 for experimental details). The cross-sectional area at the lips is smaller for both herd and who'd than for head. This confirms that both herd and who'd are lip-rounded whereas head is not. However the opening is greater for herd than for who'd, showing that herd is less lip-rounded than who'd. Table 6 gives the mean and standard deviation of the cross-sectional area at the lips for all five speakers for the vowels hard, head, herd and who'd (Watson 2014) . Hard is included because it has one of the largest lip cross-section areas, so it provides a contrast with liprounded vowels. The cross-sectional area for herd is significantly greater than that for who'd (t(14.07) = 6.42, p < 0.01) confirming that herd is significantly less lip-rounded than who'd and indicating that lip-rounding may help to distinguish NURSE and GOOSE. Although the MRI scans were not carried out on the speakers in the present study, there is no reason to expect that the current speakers would differ in vocal tract configuration from those in Watson (2014) .
Discussion
Few studies have been carried out on the NZE NURSE vowel. Although non-linguists are aware of the changes to the short front vowels DRESS and KIT, especially in comparison to the pronunciation of the parallel Australian vowels (Lauder 1965) , NZE NURSE is rarely commented on (Buzo 1994) . One of the traditional indicators of sound change in NZE is letters of complaint to the editors of the daily newspapers.
There have been almost no such letters about NURSE and GOOSE. One reason for this lack of complaints may be that it is easy to spell raised pronunciations of DRESS ('beast' for 'best') or centralized versions of KIT ('but' for 'bit') but it is difficult to 0.01, PE: t(9) = 11.40, p < 0.001, Y: t(9) = 4.63, p <0 .05) and between the F2 values of NURSE of GOOSE for the PE group (t(9) =5 .87, p < 0.01). For the female speakers there was a significant difference between the F1 values of NURSE and GOOSE for both the historical and present-day elders (HE: t(5) = 10.00, p < 0.01, PE: t(9) = 5.98, p < 0.01)) and between the F2 values of NURSE and GOOSE for the historical elders (t(5) = 6.78, p < 0.01).
represent a raised and fronted NURSE vowel in spelling. Non-linguists tend to be less aware of items that cannot easily be spelt (see Gordon (2010: 242) for the suggestion about spelling). Bauer and Warren (2004: 591) quote a personalized car number plate 2MIN8OR for 'terminator' which suggests that at least some people are aware of the possible merger. In addition, it is possible that these changes to NURSE are less salient because they do not lead to potential confusions with other phonemes, and are thus purely phonetic changes. 4 In spite of the two vowels' proximity in F1-F2 acoustic space, there are no clear indications that a GOOSE/NURSE merger is taking place. The present study examined vowel length differences, formant change over time and lip-rounding but only vowel length differed significantly for one of the groups of speakers (the young females). It is difficult to see what is keeping the two vowels apart.
There are, of course, other features that could contribute to maintaining the distinction between the two vowels. Williams and Escudero (2014) suggested that formant trajectories rather than simple formant frequencies can be important in identifying vowels, with diphthongization of GOOSE being one of the cases where trajectories were particularly helpful. NZE GOOSE can be diphthongized, but like NZE FLEECE it is considerably less diphthongized than the corresponding Australian English vowels (see Maclagan & Hay 2007) . The present study did not consider diphthongization in GOOSE. However Warren (under review) comments
There was also no correlation between GOOSE diphthongisation and the distance of GOOSE from NURSE, confirming the observation made by Bauer and Warren (2004: 591) that although acoustic studies show overlap of GOOSE and NURSE, there is no clear indication that GOOSE diphthongisation is systematically serving to keep the two vowels apart.
A comparison of the vowels of the speakers analyzed for the present study with other speakers of NZE showed that the present speakers were relatively conservative (see Figures 2-4) . NURSE may therefore have raised and fronted even more for other speakers of NZE than it has for the present speakers and the data presented here may actually underestimate the changes over time. If that should be the case, it is even more remarkable that NURSE and GOOSE remain confusion distinct in NZE as evidenced by the lack of letters to the papers indicating that people are aware of some between them.
In most English-speaking areas, NURSE is not lip-rounded. Wells (1982: 305) indicates that in London NURSE can be slightly lip-rounded, but implies that such liprounding is unusual within Britain. Lip-rounding of NURSE is a long-standing development in NZE. It was noted as early as 1887 by Samuel McBurney (1887), an elocution teacher who visited the colonies and described the pronunciations he found here. As well as being lip-rounded, NZE NURSE is moving towards a high front position within the vowel space with pronunciations of [ɵ̝ ] or even [ø̝ ] being common. In typological terms it is unusual for a language to have a front rounded vowel without that vowel being /y/ (Lass 1984:132; Bauer 1979: 65) . With NURSE now moving towards the high front position, it is perhaps correcting this 'anomaly' and bringing NZE, but not English in general, closer to typological expectations.
By contrast, Bauer (1979) suggested that GOOSE may be moving to fill the high front position in NZE. From our analysis of NURSE, we would suggest that NURSE rather than GOOSE is moving towards a high front rounded position. Two features of NZE support this suggestion. Firstly, both NURSE and GOOSE are rounded in NZE so NURSE provides a valid candidate as a rounded vowel. Secondly, although GOOSE has fronted in NZE so that it is now forward of centre, it has not continued to move to become a fully front vowel. NURSE, which is already a front vowel, has risen into a high position and is a better candidate than GOOSE as a high front vowel. This is the case for most non-Māori speakers of NZE. However, the situation is different for some young Māori and Polynesian speakers of NZE. Many speakers of Māori NZE (Bell 2000) produce very front versions of GOOSE and very high versions of NURSE, so that the two vowels are even closer than for non-Māori speakers. However Polynesian speakers of NZE often produce versions of NURSE that are rhotic (Gibson 2005; Starks et al. 2015) . So for these young speakers, NURSE and GOOSE may be distinguished by rhoticity rather than by the constellation of features that keep them separate for non-Māori speakers.
Should NURSE and GOOSE become even more similar over time, a possible merger between them may not be very serious for English in that there are relatively few minimal pairs (such as nurse/noose) distinguished by the two vowels. For the pairs we have identified, one member of the pair is often considerably more common than the other, e.g. berm/boom, or the pairs are different parts of speech e.g. skirt/scoot, burn/boon.
Conclusion
The NURSE vowel in NZE has moved over time. The acoustic analysis in the present study shows that it now sits in the high, front position of the vowel quadrilateral. Even though it is now very different from most other varieties of English, NZE NURSE has not previously been the subject of detailed analysis. The present study has shown that NURSE has risen with the other front vowels in the NZE vowel shift. It has also shown that NURSE is now so close to GOOSE in acoustic space that the two vowels appear to be in danger of merging. However, there is almost no evidence of such a merger taking place in NZE. In order to identify the factors that keep NURSE and GOOSE apart, we analyzed length, lip-rounding and vocal tract shape for the two vowels. The only significant feature was an increase in F2 for both vowels indicating that both NURSE and GOOSE have fronted over time. The two vowels seem to be separated by a constellation of features rather than one specific feature.
In this paper we used a new measure, the vowel space position measure (VSM), to analyze the movements of the NURSE vowel over time. This measure allowed us to consider both formants F1 and F2 together rather than needing to analyze each of them individually. This enabled us to analyze the movements of NURSE within the NZE vowel space as a whole so that both its raising and fronting could be considered together. It also allowed us to do statistical analysis that reflects the effects of both formants together.
Because the Māori speakers analyzed here are slightly conservative (see remarks above and Figures 2-4) , the changes over time for the NURSE vowel identified here may actually underestimate the changes to the vowel in the NZ population as a whole. Although researchers have tended not to focus on the NURSE vowel when they consider changes to NZE, we have shown the NURSE is fully involved in the NZE vowel changes both rising with the front vowels and fronting with GOOSE. Figure 4 , the research assistants who helped with data collection, transcription and analysis, and the reviewer for helpful comments.
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